Programmed death 1 (PD-1)/programmed death ligand 1 (PD-L1) inhibitors are potent immunotherapies that were recently approved by the US Food and Drug Administration (FDA) and have been used to successfully treat multiple solid tumor types. 1, 2 Numerous tumor types express PD-L1, which binds to the PD-1 receptor on T cells, thereby reducing the anttumor response. [3] [4] [5] [6] [7] Drugs of the PD-1/PD-L1 inhibitor class can disrupt the reduced antitumor response, thereby activating the immune system against solid tumors.
PD-1/PD-L1 inhibitors are FDA approved for multiple tumor types, including melanoma, Merkel cell carcinoma, squamous cell carcinoma of head and neck, nonesmall cell lung cancers, urothelial carcinomas, classic Hodgkin's lymphomas, renal cell carcinoma, and gastrointestinal cancers. Cutaneous adverse events (AEs) are common and have included rash (which will be referred to as dermatitis in this study), pruritus, and vitiligo. 8, 9 In one particular PD-1 inhibitor, namely, pembrolizumab, these AEs are as a whole associated with oncologic response. 8, 9 Nevertheless, the nature of the PD-1/PD-L1 inhibitoreassociated dermatitis specifically and its potential short-and long-term clinical significance are not well characterized.
In this study, we have examined the types of dermatitis observed after PD-1 or PD-L1 inhibitor treatment and assessed multiple oncologic outcomes in a retrospective case-control study design at a single academic institution. Because of the common pathway that PD-1 and PD-L1 inhibitors target and their broadly similar response and AE profiles, 10, 11 we have examined the role of these inhibitors as a group.
Although the PD-1 inhibitors are biosimilar drugs, the exact doses can vary slightly between PD-1 inhibitors and for different tumor types, ranging from a fixed dose to weight-based dosing. For instance, nivolumab intravenous infusion can be given as a flat dose (240 mg) or a weight-based dose (3 mg/kg body weight) every 2 weeks; similarly, pembrolizumab can be administered as a flat dose (200 mg intravenously) or by weight (2 mg/kg body weight) every 3 weeks. [12] [13] [14] Because PD-1/PD-L1 inhibitors work by reducing the attenuation of antitumor T-cell response, it is reasonable to hypothesize that this increased immune activation may be evident in the skin as dermatitis. Hence, dermatitis could be a sign of more robust immune antitumor response. In a case series, the nature of inflammatory infiltrates in PD-1/ PD-L1 inhibitorerelated dermatitis has been reported in 3 patients as a lichenoid reaction pattern containing abundant T cells. 8, 15 Therefore, this study focuses on dermatitis as the primary AE evaluated, as compared with eruptive neoplasms 16 or pruritus, because dermatitis can contain immune infiltrates with T cells, including subsets known to be important in antitumor response in nonebasal cell carcinoma solid tumors (eg, CD8
1 T cells). 15 Antitumor response may ultimately lead to improvements in meaningful clinical outcomes such as progressionfree survival (PFS) and/or overall survival (OS).
METHODS
Following approval by the Stanford Human Subjects Panel, we queried the Stanford Cancer Research Database (covering the period from August 1, 2013, to August 2, 2016) for adult patients who had received at least 2 doses of the PD-1 inhibitors pembrolizumab or nivolumab or the PD-L1 inhibitor atezolizumab. Manual chart review was performed to include only patients with at least 1 summary of a subsequent treatment response that was documented at a clinic visit and consistent with written imaging reports from board-certified diagnostic radiologists. The case patients were patients who experienced a dermatitis after initiation of a PD-1/PD-L1 inhibitor and up to 3 months after the last dose of PD-1/PD-L1 inhibitor and who underwent a biopsy for the dermatitis. Excluded patients were (1) those with a postePD-1/PD-L1 cutaneous AE of vitiligo or pruritus without dermatitis, (2) those with worsening of pre-existing dermatitis (such as psoriasis) after initiation of a PD-1/PD-L1 inhibitor, (3) those with dermatitis attributed to another cause (such as contact dermatitis or a drug other than a PD-1/PD-L1 inhibitor), and (4) those who experienced onset of dermatitis after initiation of a PD-1/PD-L1 inhibitor but did not undergo biopsy. All skin biopsy samples were subjected to hematoxylin-eosin staining, with the results documented in written reports
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Lichenoid dermatitis was defined as a band-like lymphocytic infiltrate in the papillary dermis with epidermal necrosis. Spongiotic dermatitis was defined as epidermal spongiosis with lymphocytic infiltrate surrounding the vessels of the superficial plexus with the presence of eosinophils. The controls were patients with no mention of dermatitis in their progress notes after initiation of a PD-1/PD-L1 inhibitor.
The method of propensity score matching was used to match each case patient with up to 5 controls on the basis of age, sex, number of treatment cycles at the time of dermatitis biopsy (if a case patient), and number of treatment cycles at the last documented clinic visit (if a control patient).
The treatment outcomes examined included best overall response (BOR) (as assessed by written progress notes of the treating physician), PFS, and OS. The BOR was determined by manual examination of the medical record, with best response to a PD-1/PD-L1 inhibitor documented by the treating physician as complete response, partial response, stable disease, or progressive disease. Disease progression included written documentation of (1) death, (2) growth of existing lesion(s), and/or (3) appearance of new cancerous lesion(s) defined as a new lesion attributed to the initial oncologic diagnosis by the treating physician. Overall response rate (ORR) was defined as the fraction of patients who had either complete response or partial response as their BOR to the treatment.
PFS was defined as the interval from time of PD-1/ PD-L1 initiation to either (1) disease progression documented by the treating physician or (2) death, with censoring occurring at start of a systemic treatment for the primary tumor that was not a PD-1/PD-L1 inhibitor, last clinic visit date before missing progress notes documenting treatment response, or discontinuation of PD-1/PD-L1 on account of an AE. OS was defined as the interval between the time of PD-1/PD-L1 initiation to death from any cause documented in the medical record, with censoring at the last documented clinical visit or telephone interaction.
The Kaplan-Meier method was used to calculate PFS and OS, and the log-rank (Mantel-Cox) test was used to compare the case and control groups.
All tests were 2 sided, and P values less than .05 were considered significant. All statistical analyses were performed with SAS software (version 9.4, SAS Institute Inc, Cary, NC).
RESULTS
Of 486 patients identified by keyword search, 20 case patients (with biopsy-proven dermatitis) met the eligibility criteria for the study after manual chart review. None of the included subjects had a history of dermatitis recorded in the medical record. Propensity matching on the basis of age, sex, and PD-1/PD-L1 inhibitor cycles led to selection of 94 controls (a control being a patient with no dermatitis), which was again confirmed by manual chart review. Demographic and clinical information of the patients is shown in Table I . Many more patients had received pembrolizumab (n = 49) or nivolumab (n = 60) than received atezolizumab (n = 5). Because of sample size limitation, the case patients and controls were not matched for type of cancers treated with PD-1/PD-L1 inhibitors (Table II) or for the type of PD-1/PD-L1 inhibitor drug utilized (Table I) .
Many more patients had received pembrolizumab (n = 49) or nivolumab (n = 60) than received atezolizumab (n = 5), with no cases of dermatitis in patients exposed to atezolizumab. There were more cases of dermatitis among those patients who had received pembrolizumab (35% [17 of 49]) than had received nivolumab (5% [3 of 60] ).
Of the 20 case patients with biopsy-proven PD-1/ PD-L1 inhibitoreassociated dermatitis, 50% had lichenoid dermatitis (n = 10), 40% had spongiotic dermatitis (n = 8), 5% had a lymphoid infiltrate (n = 1), and 5% had a vacuolar interface dermatitis (n = 1). There were no case patients with bullous dermatitis.
The BORs were significantly improved in PD-1/ PD-L1etreated patients with dermatitis versus in those without dermatitis (P \.0001) (Table I) .
Notably, the ORR of the treated cancer was significantly different with adjustment for PD-1/PD-L1 inhibitor used (65.0% for the case patients vs 17.0% for the controls) (P = .0007; odds ratio, 7.3; 95% confidence interval [CI], 2.3-23.1). The specific PD-1 inhibitor used (nivolumab vs pembrolizumab) was not associated with BOR to therapy (P = .5292).
The PFS and OS times were significantly longer for the case patients than for the controls according to Kaplan-Meier analysis (P \.0001 and .0203, respectively [Fig 1]) . At 1 year, the OS rates were 90% for the case patients and 57% for the controls.
Subset analysis of the case patients with lichenoid versus those with spongiotic dermatitis with regard to the aforementioned clinical outcomes showed no significant results for BOR, ORR, PFS, or OS.
Regarding management of the dermatitis, 15% of the case patients (3 of 20) required drug interruption, with 10% of them (2 of 20) undergoing permanent discontinuation of the PD-1/PD-L1 inhibitor. Of the 2 case patients requiring permanent discontinuation, 1 received systemic steroids to treat the dermatitis and the other used topical steroids. One patient resumed PD-1/PD-L1 inhibitor treatment after a pause and was managed with administration of topical steroids alone.
The most common intervention to treat the dermatitis was topical steroids (in 75% of case patients [15 of 20] ). Systemic steroids were required for 10% of the case patients (2 of 20) . No other types of treatment were used to treat the dermatitis. There were no cases of PD-1/PD-L1 inhibitorerelated dose reduction for dermatitis.
Of the 3 most common malignancies treated with PD-1/PD-L1 in this study, cutaneous malignancies (including melanoma, cutaneous squamous cell carcinoma, basal cell carcinoma, and S ezary syndrome) were associated with a higher incidence of dermatitis (43% [occurring in 12 of 28 patients]) than were lung cancer (3% [occurring in 1 of 32 patients]) or head and neck cancers (20% [occurring in 4 of 20 patients]) (Table II) . Notably, the rate of dermatitis differed significantly between patients with cutaneous malignancies and those with lung malignancies (P = .0003) (odds ratio, 23.25; 95% CI, 2.77-195.13), but it did not differ significantly between patients with cutaneous malignancies and those with head and neck malignancies (P = .1275). Patients with cutaneous malignancies were 23.25 times more likely (95% CI, 2.77-195.13) to develop dermatitis than were patients with lung cancers and 7.3 times more likely (95% CI, 2.6-20.8) to develop dermatitis than were patients with any noncutaneous malignancy.
DISCUSSION
Although previous reports have demonstrated lichenoid and other types of histologic patterns as being associated with PD-1/PD-L1 inhibition, [17] [18] [19] our study links the lichenoid and spongiotic types with multiple favorable oncologic outcomes, including favorable ORR, PFS, and OS. This information is useful when dermatologists counsel patients with this drug-related dermatitis. Future prospective studies could confirm the predictive value of biopsy-proven lichenoid or spongiotic dermatitis as evidence of a robust immune response leading to improved clinical outcomes.
Notably, about 10-fold more patients had received pembrolizumab or nivolumab in this study than received atezolizumab. This pattern is likely due in part to earlier FDA approval for pembrolizumab and nivolumab (in 2014 for both) than for atezolizumab (in 2016). Regarding the fact that none of the patients treated with atezolizumab had biopsy-proven dermatitis, it is possible that patients receiving atezolizumab were examined less often by a dermatologist, thereby reducing detection of dermatitis and performance of skin biopsies, as atezolizumab is not approved for a cutaneous malignancy (whereas pembrolizumab and nivolumab are approved for melanoma). Another reason for the lack of dermatitis in the patients who received atezolizumab could be the nature of the PD-1/PD-L1 inhibitors themselves, as the rates of rash published in the package inserts indicated slightly higher rates in those taking pembrolizumab (25%) and nivolumab (21%) than in those taking atezolizumab (15%). Limitations of this study include its retrospective nature and therefore its dependence on the accuracy and completeness of the medical record. Future prospective studies in which all patients with PD-1/ PD-L1eassociated dermatitis are given the choice to Cutaneous tumors were associated with a higher percentage of dermatitis after PD-1/PD-L1 inhibitor treatment (boldface entries) than either head and neck or lung cancers were. The distribution of primary tumor types treated with PD-1/PD-L1 inhibitors in all patients in the study (N = 114) is shown in column 2. PD-1, Programmed death 1; PD-L1, programmed death ligand 1.
undergo skin biopsies may reduce potential dermatology referral bias. In addition, larger studies would allow clinical outcomes to be examined within each cancer type, as different cancers may have varying clinical courses, such as OS rates over time. Larger studies could also match by PD-1/PD-L1 drug. Finally, future studies may identify specific cell lineages, T-cell subtypes, and/or molecular markers within the immune infiltrates of the dermatitis that can predict favorable response, PFS, and OS.
